In a "publish-or-perish culture", the ranking of scientific journals plays a central role in assessing performance in the current research environment. With a wide range of existing methods and approaches to deriving journal rankings, meta-rankings have gained popularity as a means of aggregating different information sources. In this paper, we propose a method to create a consensus meta-ranking using heterogeneous journal rankings. Using a parametric model for paired comparison data we estimate quality scores for 58 journals in the OR/MS community, which together with a shrinkage procedure allows for the identification of clusters of journals with similar quality. The use of paired comparisons provides a flexible framework for deriving a consensus score while eliminating the problem of data missingness.
Introduction
While the so-called "publish-or-perish culture" has been widely discussed and criticized mainly because of intense publication pressure (see for example Adler and Harzing, 2009; Frey, October 19, 2010; Willmott, 2011) , an increasingly competitive research environment is in need of performance metrics. Generally, the reputation and quality of the research outlets in which scholars publish their work together with received citations in peer-reviewed academic journals remain the main criteria for assessing research quality. The main research outlets and means of knowledge dissemination in each business discipline are the academic journals in which its research is published (Meredith et al., 2011; Fry and Donohue, 2013) . In an attempt to reflect the impact and quality of journals, rankings therefore lie at the core of research assessment. Whether it is used by universities for hiring or promotion/tenure purposes, by editors to underline the importance of their journals or by publishers who aim at maximizing their revenue, a ranking supports decision making. Especially due to this importance in academic life the number of applied methods to create rankings is increasing continuously.
While there are many different rankings available, it is often hard to pick the most appropriate ranking for a special purpose or a certain institution. Different stakeholders often prefer a different ranking for various reasons, such that the creation of meta-rankings is the only way to comfort all involved parties. Moreover, the disadvantages of the conventional approaches to creating journal rankings, with citation-based and survey-based approaches being the most popular, have been outlined in the literature (i.e., Serenko and Dohan, 2011) . In this light, meta-rankings have gained popularity due to their the advantage of building on previous work and aggregating the available information rather than building against it.
In this paper, we propose a novel method to aggregate heterogeneous rankings using adaptive lasso estimators and apply the method to obtain a consensus meta-ranking for 58 established journals in the Operations Research/Management Science (OR/MS) community.
The parametric Bradley-Terry model (Bradley and Terry, 1952) for paired comparison data is employed for estimating journal quality scores as an alternative to the popular data envelopment analysis (DEA) method (used in i.e., Fry and Donohue, 2013; Tüselmann et al., 2015) .
The use of paired comparisons provides a flexible framework for deriving a consensus score using different sources, with no strict restriction on the number of journals and the number of rankings used in the analysis. Together with a shrinkage procedure, the proposed approach allows the identification of clusters of journals with similar quality (Masarotto and Varin, 2012) . The variability of the parameter estimators is determined using the parametric bootstrap.
We also investigate whether the consensus meta-ranking changes significantly when using only information from rankings published in 2013 and find that results remain mainly stable, with few significant changes. Tüselmann et al. (2015) discuss several shortcomings of meta-studies, among which arbitrary inclusion or datedness of journal rankings and journals, inadequate treatment of missing data and treatment of ordinal data as metric. We address these shortcomings in the following way: (i) we base our analysis on an extensive list of 31 journal rankings that are used by stakeholders in decision making. An overview of the rankings is provided in Section 3 and our descriptive statistics show that the significant correlations at a 5% significance level are positive. However, each of the rankings contains valuable information because, while having the common goal of assessing journal quality, they proceed differently in defining comparison measures. (ii) Our approach eliminates the evident problem of missingness in journal lists, while existing data need not be disregarded due to the use of pairwise comparisons between journals as expressed by the various ranking lists (similar to Cook et al., 2010; Theuβl et al., 2014) . (iii) The ordinal nature of rankings is kept by the pairwise comparison data. In addition, the parametric model is adapted to appropriately handle ties. This paper is organized as follows. In Section 2 we present an overview of existing ranking approaches. Section 3 presents the journals and journal ranking lists used in the study, Section 4 introduces the methodology used for creating a consensus journal rating. The results are discussed in Section 5 and Section 6 concludes.
Ranking approaches
Even if quality is abstract by nature, several approaches have been proposed for assessing journal quality. Survey-based rankings are primarily created by universities or associations, who ask scholars with different affiliations to rate journals on a usually ordinal scale. Academic research relying on survey-based quality assessment of Operations Research, Management Science, Production & Operations Management (OR/MS/POM) journals has been conducted by Barman et al. (1991 Barman et al. ( , 2001 or Olson (2005) , who surveyed faculty members of 25 business schools in the US in 2000 and 2002.
Citation-based metrics are mainly published by commercial providers like Thomson Reuters or Elsevier. The first academic studies to conduct a citationbased analysis of journals in the Operations Management (OM) field are Vokurka (1996) and Goh et al. (1996) . A recent citation-based analysis focused on the OR/MS field is Xu et al. (2011) , who use Google's PageRank method to rank 31 OR/MS journals. The PageRank method is citation-based and differentiates citations by quality/source (i.e., citations from higher impact journals should outweigh citations from lower impact journals). This method is in essence similar to the Eigenfactor ® Score, which will be discussed briefly in Section 3. Hybrid rankings are a combination of the subjective and objective approach (i.e., Zhou et al., 2001 ), while author-based approaches take into consideration also the author affiliation. Holsapple and Lee-Post (2010) perform a behaviour-based analysis, by examining the publishing behaviors of tenured OM researchers at leading research universities in the US. Extensive comparisons among the different methods as well as shortcomings can be found in i.e., Donohue and Fox (2000) , Frey and Rost (2010) , Serenko and Dohan (2011) .
Considering the setbacks of the approaches mentioned above, the metaranking approach arises naturally as it tries to reconcile the variety of methods by using available information to build a composite journal ranking (Cook et al., 2010) . In the OM field several meta-analyses have combined information from prior academic studies. Petersen et al. (2011) provide the first meta-analysis to examine the ranking of journals in the OM field by using 5 prior studies. Meredith et al. (2011) build journal rankings using official in-house journal lists of AACSB-accredited business schools and compare their results with 12 ranking studies published during 1990 to 2009. Fry and Donohue (2013) use the information from 15 previous OM journal ranking studies and provide a metaanalysis through DEA for assessing journal quality. A recent study is provided by Tüselmann et al. (2015) , who base their study on 10 rankings from Harzing's JQL data and the Impact Factor and compute an aggregate rating of journals in different subject areas by using DEA and random forests, with particular emphasis on OR/MS/POM.
Journals and quality assessment
We select 58 journals established in the OR/MS community which are also part of Thomson Reuters' Journal Citation Reports (Thomson Reuters, 2014) . The complete list of journals can be found in Table 3 .
We collect an extensive list of 31 rankings still in use in 2013, both citation and survey-based. We match the rankings to the journal list using ISSN codes. From Thomson Reuters' Journal Citation Reports we obtain citationbased journal metrics like the Impact Factor, 5-Year Impact Factor, Immediacy Index and Cited Half-Life. The Impact Factor is one of the best known indexes and measures the number of citations received by a journal in the two preceding years normalized by the number of citable items in that journal. The 5-Year Impact Factor extends the time period used for calculation to five years. The Immediacy Index measures the number of citations received by a journal in the same year, while Cited Half-Life measures the median age of a journal's cited articles in a certain year. Other citation metrics freely available are the Eigenfactor ® Score and its normalized version the Article Influence ® Score. These metrics assign different weights to different sources of citations received by a journal and exclude self-citations. The time period used for calculation is five years 1 . From www.journalmetrics.com, the Source Normalized Impact per Paper metric (SNIP) corrects for differences between fields by dividing the number of citations per paper in a journal by the citable items in the journal's subject field. The Impact per Publication (IPP) is a metric similar to Thomson Reuters' Impact Factor and measures the average citations to peer-reviewed papers published in the three previous years. A third metric is the SCImago Journal Rank (SJR) which is in essence similar to the Eigenfactor ® Score. Detailed methodology can be found on the website.
An important source of journal rankings (mostly survey-based) is the Harzing Journal Quality List (JQL). The 52nd edition of the JQL data (Harzing, 11 February 2014) contains 22 rankings provided by different (research) institutions or scientific studies. Most of the JQL rankings are on an ordinal scale (see Table 4 ).
All rankings used in the analysis are listed in Table 4 . Out of 31 rankings, 13 were compiled in 2013. The other 18 are dated in the range from 2001 to 2012, but are still used in different contexts for assessing journal quality.
Due to the (mostly) ordinal nature of the rankings, the presence of ties and incomplete journal lists, we assess the degree of association between the different sources by using the rank correlation coefficient proposed by Emond and Mason (2002) , which corresponds to the unique association measure of Kemeny and Snell (1962) and satisfies four basic axioms that should apply to any distance measure between two weak orderings. The metric is denoted by τ x and is an extension of Kendall's τ which handles ties more appropriately (see also Hornik et al., 2007) :
where N c is the number of journals rated in at least one of the rankings R k1 and R k2 and a ijk is defined as:
We present the τ x correlation coefficients in Table 1 , together with the number of journals rated in the sample for each ranking. For each rank correlation coefficient, we compute p-values using 1000 bootstrap samples. Column "MLE" presents the correlation of the ranking produced using the method described in Section 4 with the other 31 rankings. The citation-based indexes of Thomson Reuters, the Eigenfactor ® Score, the Article Influence ® Score and the Elsevier metrics are mostly significantly correlated. Not surprisingly, the metric that is not significantly correlated with the rest is Cited Half-Life, as it is the only metric based on the age of cited articles. We observe that at 5% significance level the significant rank correlations are positive, but the degree of the association varies, indicating that the quality assessment of journals differs across different metrics or sources.
We have in total 16452 pairwise comparisons between the 58 journals and each pair of journals has been on average compared 10 times. 
Methodological approach
Consider a total number of K journal rankings R = {R 1 , . . . , R K } of N journals J = {J 1 , . . . , J N }. Each journal in the set J is ranked in at least one of the rankings in R.
The aim of the analysis is suitably aggregating the information available from the K different ranking sources by finding a metric that reflects the overall quality of the journals in J . For each ranking R k , we compare the journals included in the ranking pairwise by investigating whether a journal J i has been ranked higher/lower than or the same as another journal J j . Let Y ijk be a variable taking one of the following values:
if ranking R k rates journal J i higher than journal J j , 0.5 if ranking R k rates journal J i and journal J j the same, 0 if ranking R k rates journal J i lower than journal J j .
A popular statistical model for modeling paired comparison data is the BradleyTerry model (Bradley and Terry, 1952) , which is a logistic regression for a binary outcome, where the probability of journal J i being better than journal J j is given by exp(µ i − µ j )/(1 + exp(µ i − µ j )) with µ i and µ j being the ability (quality) parameters for journal J i and journal J j . Note that N need not be higher than K. As many journals in the analysis fall into the same ranking class, we employ a modification of the original Bradley-Terry model which can properly handle ties and treat ties as one-half of a success and one-half of a failure. The loglikelihood is then given by:
The parameter of interest is the vector of journal abilities µ = (µ 1 , . . . , µ N ) which can be further used for ranking the N journals. Only pairwise differences µ i − µ j are identifiable in model (1), hence a restriction needs to be imposed on the vector µ. We choose to set the ability parameter µ 1 of the first journal 4OR equal to zero. An alternative to treating ties as one-half of a success and one-half of a failure would be using the cumulative link Bradley-Terry model (Agresti, 2010) . We choose the former due to reduced computational expenses. In order to avoid potential over interpretation of insignificant differences between journal abilities and obtain a clustering of the journals whose ability parameters are similar, Masarotto and Varin (2012) propose the ranking lasso technique, which computes the solution for the modified Bradley-Terry model by maximizing the likelihood and imposing a L 1 penalty on the pairwise ability differences µ i − µ j :
where (µ) is the log-likelihood function in (1), λ is the lasso penalty and w ij are pair specific weights. We follow the suggestion of Masarotto and Varin (2012) and choose the weights inversely proportional to the maximum likelihood estimates (MLE):
This method is called the adaptive ranking lasso and it overcomes the problem of inconsistent non-zero lasso estimates due to the severe L 1 penalty (Zou, 2006) . The lasso penalty λ can be chosen by minimization of an information criterion such as the Akaike Information Criterion (AIC). The uncertainty of the estimated abilities is evaluated using parametric bootstrap samples. Resampling from the modified Bradley-Terry model was performed by replacing the true parameters by their estimates. As adaptive lasso estimators (ALASSO) are by construction biased, we use the bias-corrected percentile method (Efron, 1987) for computing 100(1 − 2α)% confidence intervals for the ability parameters.
Results
We proceed with presenting results from applying the method in Section 4 to the 58 journals and 31 rankings in Section 5.1. In Section 5.2 we repeat the analysis but use only rankings from 2013 and check the stability of the results.
All rankings
We compute the percentage of times each journal appeared in the rankings in Table 4 . The journal that is rated most often is Operations Research (OR), followed by Production and Operations Management (POM) and Decision Support Systems (DSS) (see Table 2 ). Table 2 also presents the MLEs and the ALASSO estimators where the shrinkage parameter λ was chosen according to AIC. The ALASSO estimators group journals with similar ability parameters and indicate 24 clusters of journals. In addition, 95% bias-corrected confidence intervals are reported. The uncertainty in the ability parameters was estimated using 1000 parametric bootstrap samples. An important feature that can be observed from the confidence intervals for the MLEs is that they are overlapping in some cases. This implies that some of the differences between the ability parameters are not significant and that the ranking lasso method should be employed for shrinking the differences of similar coefficients to zero. In most of the cases, the confidence intervals for the ALASSO estimators are shorter than for MLE, indicating that the shrinkage provides a reduction in variability.
The correlation between the MLE and rankings used in the analysis is positive (see column "MLE" in Table 1 ). The metric exhibiting the highest correlation with the MLE ranking of the modified Bradley-Terry model is the Eigenfactor ® Score. et al. (2015) , JOM is ranked second in the OR/MS/POM subject area while POM is on position 9. OR, MP, TS, EJOR are in the top ten of Fry and Donohue (2013), Tüselmann et al. (2015) . IJPR receives a top ten position in Meredith et al. (2011 ), Petersen et al. (2011 ) and Fry and Donohue (2013 , but in our analysis it is ranked only on position 18 (and position 11 in Tüselmann et al., 2015) .
Using 2013 rankings only
An aspect that can be verified in our proposed framework is whether the new rankings (i.e., dated 2013) lead to a different consensus ranking from the one obtained using the whole sample of rankings. Rankings complied in 2013 could provide a more up-to-date picture of the current research environment. We address this topic be redoing the analysis using only the 13 rankings published in 2013. The MLE and ALASSO estimates together with 95% confidence intervals are presented in Table 2 . ALASSO estimators are visualized in Figure 2 . The resulting journal ability parameters are similar to the ones using the whole sample of 31 rankings and the consensus ranking remains highly stable. However, few differences can be identified. On the one hand, OR is downgraded from the second cluster to the fourth cluster and the estimated ability parameters have decreased significantly. Significantly reduced ALASSO estimators are observed also for ORL and NAVRL. On the other hand, JOM, OMEGA, TNV and COR have higher estimated ability parameters and higher positions in the ranking.
Conclusion
We use the ranking lasso method proposed by Masarotto and Varin (2012) together with the Bradley-Terry model for paired comparison data in order to estimate quality scores for 58 OR/MS journals. The approach overcomes the issue of missing data by using pairwise comparisons and allows the identification of clusters of journals with similar quality scores. We conclude that Management Science maintains its position as lead OR/MS outlet, followed by OR, The meta-analysis using only 2013 rankings indicates increased quality for OMEGA and TNV. The presented method is flexible to integrate a wide range of heterogeneous rankings and the resulting graph provides a detailed outline on how to cluster and/or rate the underlying journals for subsequent usage for different purposes. 
